Acute coronary syndrome (ACS) patients with diabetes have significantly worse cardiovascular outcomes than those without diabetes. This study aimed to compare the performance of The Thrombolysis In Myocardial Infarction (TIMI), Global Registry of Acute Coronary Events (GRACE), Primary Angioplasty in Myocardial Infarction (PAMI), and Controlled Abciximab and Device Investigation to Lower Late Angioplasty Complications (CADILLAC) risk scores in predicting long-term cardiovascular outcomes in diabetic patients with ST-segment elevation myocardial infarction (STEMI). From the Acute Coronary Syndrome-Diabetes Mellitus Registry of the Taiwan Society of Cardiology, patients with STEMI were included. The TIMI, GRACE, PAMI, and CADILLAC risk scores were calculated. The discriminative potential of risk scores was analyzed using the area under the receiver-operating characteristics curve (AUC). In the 455 patients included, all four risk score systems demonstrated predictive accuracy for 6-, 12-and 24-month mortality with AUC values of 0.67-0.82. The CADILLAC score had the best discriminative accuracy, with an AUC of 0.8207 (p<0.0001), 0.8210 (p<0.0001), and 0.8192 (p<0.0001) for 6-, 12-, and 24-month mortality, respectively. It also had the best predictive value for bleeding and acute renal failure, with an AUC of 0.7919 (p<0.05) and 0.9764 (p<0.0001), respectively. Patients with CADILLAC risk scores >8 had poorer 2-year survival than those with lower scores (log-rank p<0.0001).
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Introduction
Diabetes mellitus (DM) is associated with poor outcomes in patients with coronary artery disease (CAD) [1] . In Taiwan, acute coronary syndrome (ACS) patients with diabetes had significantly worse outcomes than those without DM, including all-cause death and combined results for death, re-infarction, and stroke [2] . To improve ACS-related mortality and morbidity in Taiwan, the Acute Coronary Syndrome-Diabetes Mellitus Registry of the Taiwan Society of Cardiology (TSOC ACS-DM Registry) was established to assess the quality of care for ACS patients with DM. This study was conducted to determine accurate risk stratification in the management of ACS patients with DM. Several risk scores have been developed in the last 20 years to stratify patients hospitalized with ACS [3] [4] [5] [6] [7] [8] . The most widely used risk score is the Thrombolysis In Myocardial Infarction (TIMI) algorithm, which is simple to calculate and is derived from selected clinical-trial cohorts. For ST-segment elevation myocardial infarction (STEMI) patients, the TIMI score is based on eight clinical indicators available upon admission, with scores ranging from 0 to 14. The second most used score is the Global Registry of Acute Coronary Events (GRACE) risk model, which uses eight variables and is applicable to the entire spectrum of ACS. The Primary Angioplasty in Myocardial Infarction (PAMI) score is based on clinical and electrocardiographic characteristics. The PAMI risk score, with a range of 0 to 15 points, was found to be a strong predictor of late mortality in STEMI patient undergoing primary percutaneous coronary intervention (PCI) [8] . Finally, the Controlled Abciximab and Device Investigation to Lower Late Angioplasty Complications (CADILLAC) risk score incorporates the measurement of baseline left ventricular (LV) function. It is the single most powerful predictor of survival in ACS patients [3] . For patients with STEMI undergoing PCI, TIMI, PAMI, or CADILLAC risk scores all provide important prognostic information and enable accurate identification of high-risk patients [4] . Furthermore, TIMI and GRACE risk scores predict 5-year all-cause mortality well in patients with STEMI treated with primary PCI [5] . Table 1 features the components of these risk-scoring models. However, these risk scores were developed by enrolling patients mostly from Western countries. Although these risk scores have been externally validated in the general population for predicting all-cause death and re-myocardial infarction from the short term to a 1-year follow-up period, there is limited data on the ability of these risk score systems to predict long-term cardiovascular events and in-hospital outcomes, including acute renal failure or bleeding, in specific populations such as DM patients. The aims of this present prospective observational study were to compare the prognostic value of four risk scores in the risk stratification of Taiwanese diabetic patients with STEMI, and to examine whether these risk scores could be applied to predict either short-term in-hospital outcomes or future cardiovascular events up to two years after STEMI.
Methods
The study complied with the Declaration of Helsinki and was approved by the Taipei Medical University-Joint Institutional Review Board (Ethics Reference: 201312017). Written informed consent was obtained from all study participants. All patients were participants in the TSOC ACS-DM Registry. This is a prospective, nationwide, multicenter, non-interventional, observational clinical registry-based study, the detailed recruitment procedures of which have been published [9] . In brief, the inclusion criteria included patients 1) who were admitted to the hospital with ACS within the previous 30 days; 2) with a history of type 2 DM or newly-diagnosed DM defined according to World Health Organization (WHO) criteria; 3) aged �20 years; and 4) who agreed to provide informed consent. The exclusion criteria included ACS accompanied with or precipitated by significant comorbidity such as severe gastrointestinal bleeding, trauma, peri-operative or peri-procedural myocardial infarction (MI), or participation in an investigational drug trial. In total, 1,534 ACS patients with DM, including 455 STEMI patients, 750 non-ST-segment elevation myocardial infarction (NSTEMI) patients, and 329 unstable angina (UA) patients, were registered between January 2013 and December 2015. Approval for use of the TSOC ACS-DM Registry was acquired from the Institutional Review Board of each participating hospital. All subjects completed signed informed consent and permission to record follow-up outcomes. Patients with type 2 DM were diagnosed according to the criteria of the American Diabetes Association and the WHO. Those who had already taken oral hypoglycemic agent(s), had hemoglobin A1C levels of 6.5% or higher, or fasting plasma glucose 126 mg/dL or higher, or 2-hour post-prandial blood sugar 200mg/dL or higher, were considered to be DM patients [10] .
ACS refers to a spectrum of conditions compatible with acute myocardial ischemia and/or infarction that are usually due to an abrupt reduction in coronary blood flow [11] . Patients with ACS and elevated cardiac biomarker values are diagnosed with MI. For the sake of immediate treatment strategies such as reperfusion therapy, it is usual practice to designate MI in patients with chest discomfort or other ischemic symptoms who develop ST elevation in two contiguous leads as STEMI [12] . All data, including demographic characteristics, medical therapy, laboratory tests, and invasive measurement, including quantitative coronary analysis and TIMI flow grade assessment after PCI, were collected by physicians and study nurses. Medications or treatments upon admission, duration of hospitalization, and status at discharge were also collected. All data were submitted electronically to a central laboratory and audited for quality assurance.
Echocardiographic assessment was carried out 3-5 days after MI onset. Left ventricular ejection fraction was estimated primarily using the biplane Simpson's formula with apical twoand four-chamber views.
The primary endpoint of interest was all-cause mortality at 6 months, 12 months, and 24 months. The secondary endpoints included in-hospital recurrent non-fatal MI, TIMI major/ minor bleeding [13] , new-onset cardiogenic shock, and acute renal failure. Acute renal failure is defined as a three-fold increase of serum creatinine or decrease in glomerular filtration rate of >75% or a urine output of <0.3 mL/kg per hour for >24 hours or anuria for >12 hours [14] . All records were collected from medical records by well-trained study nurses.
Numerical data are presented as the mean ± the standard deviation (SD) or median with interquartile range while categorical variables are shown as frequency with percentage. The discriminative potential of risk scores was performed using the area under the receiver-operating characteristics curve (AUC) [15] . Statistically significant differences between AUCs were examined using DeLong's test. Calibration was evaluated with Hosmer-Lemeshow goodnessof-fit X 2 estimates using deciles [16] . The optimal cut-off thresholds were determined by using the highest Youden index. The 2-year survival probability of each risk scores were estimated using the Kaplan-Meier method and examined by log-rank tests. All analyses were performed using SAS software version 9.4 (SAS Institute Inc., Cary, NC, USA) and STATA software version 15.0 (STATA Corp LP, College Station, TX, USA). Table 2 reveals the baseline characteristics and medical therapy upon hospital admission of the 455 STEMI patients studied. Among these, the average age was 61.5±11.9 years and 78% were male. More than 70% of these STEMI patients had a history of hypertension. About 15% were newly diagnosed with DM during this course of hospitalization. More than half of the STEMI patients had Killip class I severity (57.4%). Upon hospital admission, 28.8% of these STEMI patients used insulin. Results of the remaining laboratory tests, including creatine kinase, glycated hemoglobin, lipid level, and invasive procedures, are presented in Table 3 . More than half (53.8%) of patients had TIMI flow 0 upon hospital admission. Selective coronary angiography showed three-vessel disease in 145 (31.9%) patients.
Results
The AUC of each risk score for primary and secondary endpoints are shown in Table 4 . The CADILLAC risk score had the best discriminative accuracy, with an AUC of 0.8207 (p<0.0001), 0.8210 (p<0.0001), and 0.8192 (p<0.0001) for 6-, 12-, and 24-month mortality, respectively. Calibration of each risk score was performed by comparing predicted probabilities with 6-, 12-, and 24-month mortality estimates, and all models had an adequate goodnessof-fit (S1 Fig, S2 Fig, S3 Fig, and S4 Fig) . The AUC calculated for each of risk score models for mortality at 24 months of follow up are shown in Fig 1 The highest performance of the CAD-ILLAC risk score was observed. In addition, the CADILLAC risk score also had the best predictive value for in-hospital bleeding and acute renal failure, with an AUC of 0.7919 (p<0.05) and 0.9764 (p<0.0001), respectively. As for in-hospital repeated MI, the GRACE risk score had the highest predictive accuracy with an AUC of 0.9288 (p<0.05). Similarly, the GRACE score was the best predictive tool for new onset cardiogenic shock, with an AUC of 0.8648 (p<0.0001). 
Discussion
In the current study, 4 risk stratification models (TIMI, GRACE, PAMI, CADILLAC) were compared in Taiwanese diabetic patients diagnosed with STEMI according to the ACS guidelines of the TSOC. To our best knowledge, the present study is the first to demonstrate the relevant discriminatory ability of these four risk scores for mortality and clinical outcomes at time points up to two years in a cohort of diabetic patients with STEMI. The four models had good predictive value in estimating 2-year mortality, although the AUCs were slightly different. AUC values obtained from our database for predicting one-year mortality were even better than those described by the original authors [4, 5] . Furthermore, the CADILLAC risk score had the best predictive value for bleeding and acute renal failure and the highest prognostic accuracy for mortality at each observed time point, including 6-month, 1-year, and 2-year. Our study demonstrated that the CADILLAC risk score is the best tool for prediction long- term mortality in Taiwanese diabetic patients diagnosed with STEMI, according to the nationwide real-world registry.
The predictive accuracy was 0.82 at 1-year follow-up for the CADILLAC risk score in our dataset, consistent with the fact that the score was originally developed to determine 1-year survival. In the present study, the CADILLAC risk score had a higher prognostic accuracy than the 0.74 1-year mortality prediction in the study by Kozieradzka et al [5] . Additionally, the AUC remained unchanged and retained a very good predictive power for 2-year mortality. It performed better than in the derivation and validation sets of the CADILLAC randomized clinical trial, in which the prognostic accuracy was 0.79 [4] .
Some factors may explain the better prognostic power of the CADILLAC risk score in this study. First, the CADILLAC risk score was developed based on 1-year survival analysis. It is the only risk scoring model which takes into consideration ejection fraction and three-vessel disease. In a Korean clinical registry, LV dysfunction, poor TIMI flow after PCI, and multi-vessel disease were associated with long term major cardiovascular events after MI [17] . The presence of LV dysfunction assessed by baseline left ventriculography in patients who undergo PCI is a powerful predictor of early and late (3-year) mortality [18] . In this registry, 98% of the STEMI population received coronary angiogram. Detailed assessment of culprit lesions, TIMI flow and LV function were completed accordingly. These clinical data may provide additional prognostic relevant information for the study population. Those STEMI patients with LV dysfunction may develop cardiorenal syndrome, reflecting an abrupt worsening of cardiac function leading to acute kidney injury [19] . Second, elevated serum creatinine and anemia had been proved to be the independent baseline predictors to predict bleeding in patients with acute coronary syndrome [20] . The CADILLAC risk score is the only system that considers anemia and creatinine (renal insufficiency) in these 4 risk stratification models. Therefore, it should be more sensitive in predicting in-hospital bleeding and acute renal failure.
The GRACE score is based on a large registry of patients across the entire spectrum of coronary syndromes and is designed to determine all-cause mortality at 6 months [21, 22] . The poor performance (0.67) of the GRACE score in predicting all-cause death at 6 months of our dataset was expected. The poor accuracy can be explained by the relatively lower number of Killip III/IV patients (around 20%). However, the GRACE score did have the highest prognostic accuracy for secondary endpoints regarding recurrent MI and new-onset cardiogenic shock ( Table 4 ). The exact reason for this accuracy is not entirely clear. It may be due to the prior episode of cardiac arrest and the increased number of cardiac markers, both are the components of GRACE score, indicating myocardial damage in progress and causing further events such as cardiogenic shock and recurrent MI. The other 3 risk scoring models (TIMI, PAMI, and CADILLAC) do not include the component of cardiac arrest or increased cardiac markers. Therefore, GRACE score might be more sensitive in predicting in-hospital recurrent MI and new-onset cardiogenic shock. Because of guideline-directed medical therapy and interventions, in-hospital and 1-year mortality rates for patients with STEMI have significantly decreased [23] [24] [25] [26] [27] . However, DM is still an independent predictor of 3-year mortality and 3-year major adverse cardiac events [28] . Therefore, it is important to use best practices guidelines to manage diabetic STEMI According to the tertiles of each risk score, patients with the higher tertile (T3) of each risk score had unfavorable 2-year survival than those with middle tertile (T2) and lower tertile (T1) of each risk score (Fig 2) . However, there was no death subjects in T1 and T2 of the CADILLAC score group. We further found the best cut-off point for the CADILLAC risk score (8 points) by using Youden's index ( Table 5 ). Since the CADILLAC risk score had the best predictive accuracy for mortality, we used it to estimate the survival rate at 2 years, as shown in Fig 3. Patients with CADILLAC risk scores >8 had poorer 2-year survival than those with risk scores �8 (both log-rank p<0.0001).
https://doi.org/10.1371/journal.pone.0229186.g001 patients. Clinicians should also emphasize evidence-based medical therapies and available reperfusion therapy. For those diabetic STEMI patients with higher CADILLAC scores (>8), strict adherence to optimal medical treatment is mandatory. Our work had three main limitations. Firstly, our dataset included 15% newly diagnosed DM patients. We could not record the exact diagnosis year of known diabetic patients in our cohort because of limited information. Nevertheless, there were no significant differences in adverse events between new-diagnosed and known diabetic patients [28] . Secondly, the study cohort was relatively small and limited in diabetic population. However, these patients were followed up prospectively and the data thoroughly analyzed. Finally, missing data prevented our application in our study cohort of newer risk scoring models such as the Syntax score. The angiography-based scoring model was created for predicting long-term major adverse cardiac events when treating severe coronary artery disease such as multi-vessel disease or left main coronary artery involvement. Fully 31.9% of patients of our dataset had three-vessel disease. Such patients should be evaluated for potential revascularization.
Conclusions
Several risk scoring models showed a high predictive value to estimate 1-year mortality in Taiwanese diabetic STEMI patients. Among them, the CADILLAC system was superior at predicting 6-month, 1-year, and 2-year mortality. We should especially monitor patients with higher CADILLAC scores (>8). Strict adherence to medical therapy guidelines and intensive cardiovascular risk factor modification should be encouraged. 
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